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*5 = flux de:.3ltjr 
1 . ® volta (x’.c.a.) 

£ “ eiTicienc of of core aaterial 
r « frequency in cycles per second 
F fore© 

$ » flux 

,5 = na.qnetlsin^ force 
I = cur?‘ont, a?.paro3 
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*' 1 » “ cone tents, defined es introduced 

j « Inductance lu henries 
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length of cir gap 
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p 0 « total eddy currant loss, watts 
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u = resistance, ohTss 
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p = resistivity 
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iT'.trocluctlon to tho i--li'r>cultloo of 4jv.~ 

CycIo .lectro .6/ n« n c Jn^ratlon 

1-1. Vhe Troblo of Alrcrilt i.ppli cation 

'iho present tr<-?nd to«vnrc. us« of 400-cjcl« altornatln.j 
current on aircraft :ms croat&d the probloas of deoi^jn of 
rela%3 and snail pull r«fi^;neta to operate jv^ccassfull > or t'i!a 
supply. To date, the funotlars of tfeao elc'enta have been 
porforriod by direct current naf.r.ets. This, of course, requiraa 
rectif Icetion of the prlnary olternatin<; ouiTont avsonly, or 
the use of asr auxiliary notor generator, 

This paper 'aill exan.ins the difficultlea of dasl^ninc 
a <400-c7cle magnet, olrce auch a nagnet woulo ue triterded fcr 
aircraft use, the criteria for aatiafactory design are 
rcliaoility of psrfcrc.anc« , weight and acece roqi.ire.v.Owts and 
cost, initial and operating, fsllebillty la tho prl'-ro requialto 
anc. with woignt and apace considerfiti ona far oversheaow the 
econoYio factors. 

lor oo-'^parison j-urposes and s« an altomotive, gcioral 
cor side ration will also be ...ivei to solution of the .oe* e prooleKi 
by use of a direct current sragnet and saleniusi j’sctlfiera, 

1-2, vO*.,pariaon of 400-Cycle and €0-Cycla hyeratior. 

.-.3 8 reference fror w'-ilch to point uo tns difficulties 
assocJfttoci -ffith. 4oO-Gycl0 operetior.. It will be a'lsi*- sort f'et 
lx' the aupf.ly frequonc; »ere 6C cjolcs, a oatioi actor •- .'ct 
<o\ld exist. This 6Q-c:.ci« r-R;^n3t wovl*'* exert tho reqv.ired 
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pull «t the f.lven volt6*;o. 

Vho two fcuaio «quatio;i3 obo^od oj such & . a let are 

E « /JirC H fjjj X 10-3 volts U) 

^ ~ 330^ A pounds (2) 

14^ 

iriiore 6c « flvx donolty in kllcn'r^xwella -‘©r ac^. in, 

A a sq,» ir.cl S3 of pole aroa 

Equation (1) noj^leota thit ro.}ijta\c« voltaye »b*ch ’•fill be 
nejligifcle In a ffell-aeslgned altorr utin;,. current 
.quatlon (2) ..-ives the pull in povindd for flat surfaces of 
area A, dhe aolcnoiclial puli of u noving plun^^er sill rut 

oe considsx’od for resao'.a which will bo Lnalcated in 2-1, 
i-'ron Equation (1) for ccnotant, i,o., for the 
pull at CO and 400 cyolss 

E = iiireor’c in = /2TT4 uo 4 I,, x ic-^^ 



: ror which 



do 

Eor tho aajse core R&tsr'ial 
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This high QACiling current fAt 400 cpclos is t.'*« uoit 
serious aspect of this problera, ■^ho r»a^.rsitude of 1 4 Las two 
i,Ti ediata effects. First, ©ssjuying that the ceil resistiirc© 
ch&njos in the sarso ratio as the nu^ibor of turns from 



. ijuatlon (3), 

I. 



then 
■> 






C ) 

20' 



3 



•‘C 



( 0 ; 



■n m ««» tf MrM» 

tti •• 

IX ^ •*— » Ijp-* 

tiit -lit — ^ tiiiiiii— iii »i 44>»— ^ >< 

» i4^ 4»C« t^4ll filii l ii M |i| 

j|« 4M> il— H 4A Mtt» Itl 

km %M4h wm^ ««f« 

41 0mmm •# 4Ut #4|4i> — 

^4 ^9 mm ««uA ^ m 4^1 " 

•u«i» mm mk €• ri«t ’ 

4 ^ m$mrn c • ^ ^ 







•^4 



'^4 tJ • 

•14 

|Ai 



ly 




4 

*» 4H U irnm^im 44IU44 i^t4 U0 
fUmrn ^ 0m i k0m^ kim?U M44 
ml wrwi i4rwtti ^4#tr«l4M»«*4«4l 

» •H^|44.4M4I. ^ •••-••* 

4 4 - J-4^*4Ai» 






Thia repraao-^ts a auDalantl&l 5ncr»j'»o In copper loaa. 

wora copper 1» roq? ireu to curr;, the larjor reactive 

power. 

The voli-enpore li-wltatioji of the aiagnot Snersases 

linearlj^ with the frequency. ’Xhla limitation la hef'ned aa 

the change in reactive, or quaurature volt-e-nporea taken by 

the niigaoL duo to plun-'or jcotion. It c.a r be ahowri that for 

1 inch-pound of rocharOcal work at 60 c.p.s., a chfen-i-a of 

05 voll-anperea is required, at 400 c.p.a., then 

Volt-A.'spore Change « 65 x = 567 iSLtE.* 

GO in. lb, 

ihl3 large input at the beginning of a stroke T.lght affect 

the regulation of an jr.edequate power supply. Voro serious, 

however, is the fact that the con tae tors which handle tho 

n*f,not will bo called upon to handle this power. This, of 

itself, could be sufficient to rulo out the 400 eyclo 

for heavy work applicationa . 

The effect of chaago of frequency nay be illuatrutea 

b/ itoinKOtz's equation for hysteresis loss 

® joulos/cu.in./c jcle (D 

and upon the eddy curr-snt loss froja 

«. « - e watta/cu. IvT, (7} 

where la the r.Rxi.rvr; value { ^'m/2) cf the cyclic loop 

der.sity In wobora per square Inch, t the t‘: ickness of tho 

laminations irj Inches, ar.d ^ the resistivlLy of the Ia*.5in- 

atSxona ir ohras ir. a.* inch ctoe, 

{ rcff£ ('»)> a.’.su'"i thv^ loss per cycle ia otm e -.t 

’>1 frcquo:~‘C.y up to 40u cyolea'* 

Ji-A valid asaur.ptioij, see p ’ {)4, •'‘'i roo'o'rti'o's' ' i. .d es ti Atf'ol' 
,«- 7 .,etlc ..aterifils" , Ihoaiaa ipoonor, • «''ra«- fll, lv^27. 
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(o) 



*^h 6 ~ ^ watta/cu.ln. (^^a) 

and .7)^4 ia sl/ail&rly defined, 

;r08. equation (7) 




X rOiE the fore^^oiag, it la poaaibie to ~.&r;e tnc aui^.ary 
s ’.o«n in Table 1, An efficient 60-cjcla dQsigj-i would have the 
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400 C,p,3, 


Current 




G,G7 


Copper Loss 




G.G7 


Hy.jteronis ttOAS 


^hic. 


6,67 


^'udy Current Loag 




M,2 



table I 

copper lo3S approziase tely equal to the iron losses, therefore 
It la apparent fiat the eddy current loaaea, although radically 



increased, would originally represent substantially loss loan 
half of the total looses, 

Leaign- foi' 400-cyci» operation lauot be directed towarv. 



reducing these to a tiiniriU'-u 



Ihis inujiediateli introduces Ux 



cost factor for i*lgh resiatlvity, high porr.cability and thinly 
lo lnatou core watoriel. Those largo power losses aiust bo 
dissi'-'atec as heet, therefore, diolectrlc stronKth of lh« coll 
insulation fwt 'jighsr te”-^.erfct\ res rust be corsldorcd. This 
terfpsratiu’a rise oighi necesaitate use cf ore of the ■ ore 
unustxl t -'pQs of Insvilstlon ouch »a esbestoa, ‘'.lasf? or chrorr- 
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Ar.othor inherent diaativunta ’e cofrawn to noat oltonating 
current J3af.net3 la the roqx.lronent for a alaclin', coll. 'lliiout 
tl-ls coll, the force oxorbea u/ the altorratlng curre- t >f r»t 
falls to soro at twice line frequency. ^Itvi prooer ahudlrir, 
the pull never falls below a aiJnlJsuis which I 3 oufflclcnt to 
prevont ainralure sovenent, 

Irsproper ahadlnj;; with resultant ar-.r^turo chatter lias 
several dieadvanta ',ec. rlrat, the bcatlnfj of the pole facoa 
a. d tlie atro jsca on tlic core tend to weaken the physical 
structuro of the s3&i;;not. The effect of 400 cycles would bo 
{greatly when compared wita Ihrtt at GO cycles. 

^ocondly, the aenaitivity of the oar Increases fro . 120 to 
f^OO o/clea (twice lino freqv.ency); the chatter, therefore. Is 
;..uch movo ob jactlonablo end at the higiier frequency would be 
- ore aptly described as c. scrsasi. 

The dcaifi*! probl.eis is about the na.'no at 400 c.n.s. 



as at CO c.p.3. lor proper anadirn , l.e, to 'Maintain tho 
h' ratio of mlniitiuti pull to avora'^e pull throu'tnout 
aeoh cycle, it is necessary to increaso the reals tnuce of tho 
s 'odlag coil In direct proportion to tho incroaflo in froqticncy/. 
If t'J.3 is done, tho current in tn« loop rei’iaina unchanned ao 
the frequency increases, since tho iuduced voltan® al’so in- 
creases ciroctly with the fre p.ency. Tho copper loss, however. 
Is lucre- .ed in proportion furluer co-'.plicatl'.,. t’lO i'oatlnj: 
probles-i at 4 OQ cycles. 



pa£,e 4C7 Oa Acoustical “ 

Tson, Chaprftn P hll Mu ll'pqO) 

/ Pee page 7, .onusylvaiia -tat« Colle.,o bulletin, 
--x-^erlf.erit -tat ion jor'os, '-’ulletir . 0 , fd. 
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c. ft • ix 

l^ct&llcu javojt.1. vtlon cf Ih^ . cltct4:,c<t o»' the 

&. •• tic Clrg\.jtt 



c-1* liffcct of A or ;*hy3icul ParfiKstora* 

lor a&£;notic olrciiit. 



} ° Z£L - (1C) 

<R « ' 

: or the problo.-j at hs.nd, the flux and the nuasber of 
turns are rixoU by equations (1) ar.d (2) , thei’Tore Die only 
wttj to roducs U’^o excttini; curi'«nt Is to reduce the reluctance 



of tho circuit, 

hlth this in sstnd, tho type of na‘,n.otic circuit, its 
snane with its physical dirionslons end the choice of a core 
saaterial «?Jll be considered. 



tho type of circuit OAployed 



l3 not directly dictated 



o; the 400-C.P.3. frequency, in (.eneral, howovor, the aovin*; 
ar«^.atura typo of is (tuY»ptabie to probior.o aucn aa this 

recuiriny a rolalivoli? lar:»c force witii a short atro'. o, this 
is i'l ccKitrast- to tho <'ovIr>^ nlun.i'Oi', or solenoid t p« wl-Soh 
i suitable for u Icnysr strov'O, hut ei t!i less force. 






Figure I 



Some Core Shapes 
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Three magnets aro indlcaiod scha-.atically *ri #li*'„ro 1« 
und B are moving ttrsi*tv.ro types while C ia a aoLenoiJ t. [o» 
Of coi-rao, r;any variations of tbo clrc'oits iiKiloRteci aro In 
co:s.-ton xise, but theje t'iToe sro used to Indicate cortaln 
guldir-i^ prlnclploa. 

In A and h all the aa|ino tomotivc force in the ulr 
gapa produces uaeful f*.echanical force, j or the same rua«ber 
of turns on A and B, in A, the two coil dcslpy^, polo Isn.tth 
,^ay be :;.acie as ior.^ &j In B pe:n“.i » a lorter, r"ore 

er/icicnt r-<a;jn3tic circuit fro:i the viewpoint of lea«.o;;e, 

.. Uv.hiticr. , A poaseoses a raaiatioa surface Cor cool 



C, above, siust nave the fixed ;^.ap ahow>-5 to permit 
sr 'ovosaent. Ihis is a distinct disadvantags ueouuae 
<>f letkait:.® sine© the flux loss in this t~ap decro&sej the 
ai-ount of useful flux in the working cap, *he * nd tf.o 

i.'lninusi useful gap ler. liiu i ero woulu prob&bl; bo lor ‘cr than 
tne two c;upa in sai'lea In A, sr S, For a given usofv 1 flux 
uefiSity, theroforo, a hi "her value of reegnotislrig cv. rrant 
would be roiuired in 0, 

‘-h© calnlr’ttn closcn gap length wh.lch ’^ay ba attained 



Is about ,001 Inches, 'inle Is obtainable bj plctin . the 
flftiS'Joc iu:*d fitted surfaces of the lamlnAtlous with ,0005 
luch5s of chre-iEsiu-.'e. lot© tljf-t this r^es trie t ion is mecha -ical, 
provideu the x’ 0 war;anc« of the ccr'o material Is a^all enough 



to nor-!jlt the lc< ptn without stickinr;, 

1' iriV<it3tli.’>tt.ln'' the physical paj'c*'i5.tGrB of the circuit, 
't will be aiairrcd th« x na general oho’'e of the oore rei.aioj 
unchynged. -‘urthex’, tho rather opiituistic closed «ir .■^ap Ic'** th 
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figure 2. /. riag:\otic Circuit 
Total length = 1 
Air gap lengthily 

Cross Coctior. Area « A 
i errseauillty . etal 



l eferrlni to . i .uro 2 a-.d 
r.>. lac ting leuk.«. e 

C? = _1_ , 

/i,A (11) 

Mfhere is t)i3 efiectlve 
rexM-oebillty of fre circuit 
wulch will dl sct* ss*3.; at 
lurij_.th later* For low roluct- 
ar'cs, 1 shox.ld be a r-3lni.'*,v.-3* 
‘♦’’.la 'olnt neo-.i be lubcrod 
no fx.rth.er. It should bo 



rioted, however, that In c -r.alacrln length, the <500 cycle 
mtyiot poasQsaea sono s’nallaivax: tnge over its 60 c -cle 
counterpart* froj3 eqviatior. (0) 



■‘4 



« 5/20 h 



e 



(5; 



oince length of the core 1© prlnurlly cletarnir ou by the 
asiount or cop.er necessary Tor excitation, a s .o. tor circuit 
ia ^emitted at 40^.. cycles tJian at 00 cycles* ihe exact 
docrsas© in length permitted would be cifric-it to c<fl.culate 
si.nce Bor.e ir.crea-ie in wire 'jiaeietor' ia nocc-ssary to ..Qd<.l© 



the higher 4C0<-cycl« current as indicated in 1-3* 

The offset of 6 change of area will be r*> fleeted 
in the basic ociuatlona (1) and {2), therefore it will be 
investiiiatsd In ueteil* A casual consideration of equation 
(1) woulci loud to the conclusio'i tliat ar. incr-i&ao I” area 
would flooroc^e t;.e reluctance, hence the oxcltSnu curre. t 
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In proportion. ..n cf i rea deor-nao rolv.ct- 

iu.ce, but it uo «3 net X'ollow f. at tn?' •xcltlr;; 

cuiTont la decreased, will be illustrolad b an exussl*. 

nlven; two 400"C53le cie^r.etn botli to operate »t 
tb,« san© volUc«'3» ssfttsrlal ana to exert 

th® aane pull, lha I'eneral ccmriivvsrfttlon la that indicated 
in i'igui'’® 1, A or B. *h« cherectaristicc'^'^ar® 

..af.net 1 ■•‘ajpiet 2 
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■^'ho (.,c lOral exi roa ion -or r<=.luntar ce lo 

Cj^ * 1 — Ij^ *® 1 Ijg^ ^ — 1/ 

;<hore Pa* filtern3t'’n£. current r'•^^^“ee|■b.l.lit».v 
jubatitutlac in (.la) ar.<i Tor 1 

JL * • 1 Ph^ I 

insl 1 + 1ft /*a** i) 

where “ .‘iTTx 4.5 x lO”^*’ 



lurtJ-ier frofs (2) for the a&n.o pul’, and for = th-, 

3=S =■ «nl / 

I ro^‘ (1) for the sene voltef.o 

'‘1 *Va ^‘1 * '-i ^'2 

^ B,„*i KA^ 

^ 

yr 

ihereforo 

1*2 « fi / yr U5j 



tor scagnet 2, Die forss of equation (13) ia 

*= •'! ^ te 2 "2 Pa ^"2 ^ 

^es2 ^ 

and by equations (14) and (15) 

- K|^ ^^al/ y^^ 1^ y^ ^ t* I * * ( 

•‘k2 ^ a** 



ino ratio of pull to currant roai&lns unchiBnf:f.-d desr-its Uts 
chan :o of area^ thoi‘efor« for tho aa^o pull the ea .« current 
is required atid no airect advantaf;®, i«e., no escraose in 
oxoitinc curront, reailta. 
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3t be r;olea, Inclcentiall , t’.&t in the 

devolopjjsent, the octx^al freqver.oy did • ot ent-r, ■ t 
rre^uoncy, therorore, for & of jf.Ivsb ler^ t». »iit. coi'9 

fl^aterlel to exart a flvon pull *t a «iven volt*in'e, l ;o current 
J 3 indopondent of the cron 3 -sectional area* -* lar*« area 
roquirea leas flvtx dexvslt;, , hence leas anpew- turns* obey 

the vclta^;9 equation, however, less coil turns aro ncaesaary 
and the ©xoltinr, current rmriainc unchsi-.f^ed* 

Althour,h no direct ad»«anta^;e (current cecrof.se) 
results fror an increase of area, certain bcr'.eflclal soco: dary 
effects occur* Theao are not i'ax.ediittely ap'-aror.t, out are, 
r.evortheler.j , of appi-^cieble importance and »"ayt be considered. 

Leakaf^s haa so far oeois nei. looted, but Kust b« ta/en 
Into account In. evsr^ practical case* An Ixicraase In area 
decroaaea tho leakage coefficient'*' ishero 

Coefficient == total X'lux 
\. 3 «ful riux 

A decrease in the leakegs coofflcioni ^-oana less s.-xperti-tur .s 
are required 'for a given useful flux, thus t jo efrJcIoi’.cy of 
the ajagTiCtic circuit la IrcroQaeci* 

The nuuoor of coil turns nust be dacreesed to i-atr- 
tain the reqi.lred pull at tr.o given voltage* ^r,ia *ffill 
per*-.it 30U9 shortening of the core length b/ tlio sa-'O 
roiisor.ing foliowsu who:, reduction of turns w^.3 previr. vsly 
di aci.ssad* 

'£he hysteresis loss is chyngocl, i*ror. 

¥goV page i i4, ’^hie'otroc.aVasijc u'ev 'b'. (.'I olTri^ 

John ii'iley V jons, Inc*, lu41 
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It ma/ bo 300 (^ that V' »lth c;^* ./,o of »r«a. 
sa"i6 force, t!ie cinrir^vr^ * ifluct'.oo , o^t -ti3t ba •tof'rrj t.nod as 
shown b;; equation’ ( 14 } . >ffaottir»;. t.ila deers-. >•, •owovsr, 
la the Increase In Ih* volxuna of core >.«ter'.al, hat co an 
incrauao in the hyatareils loss. ih*»sa two effects will 
alwaya oppose one another with ch»#a.'j« of arc*. The net re9i‘lt 
for a given change wovla depend upon tho core r.atorlt.1 (value 
of hj^) and, the value of the 6xpo,.ont, which Jo In turn 

oepondent upon tn.s ran"® of Induction. 

In, selecting a core natoz'lal, the following ’onoral 
oharacterls tlce are desired: 

1) Jj-all residual flux de^'sity to ponait sr.all air a-'a, 

2) Low coercive force to pernlt use of a s-::all alternfetin-’- 
current and reduce hysteresis loss, 

.3) nigh resistivity to reduce tho eddy curre.^t losses and, 
finally, 

4) itigh porzaeabilS ty to decroaso the rslvsc tanse . 

"Aho first throe factors need r40t be censiuersd fiiz-thor, 
Incroased parrsesbliitv, however, will dooreace the relucta*<ce 
of liie magnetic circuit, will not affect the basic eqZiStl.Owa 
(1) u.iu (2) ar.d thus will '.^ecreaae the exc.1.tli: curre' t. 

^ho unavoidable air gaps in the n&j,aetic circuit of 
an elQCtro.Tia^/^et, such as figure 2, place an upper lirit cn 
the value of pei'msability which u:.&y be profit,.'oly usocl. 

'ihe equotion 

^ ~ ^ ( 13 ) 

perz Its tn*3 definition of effectivo poiv:e6bi li ty 
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0\k I - (p s- 1} 

eriG 3ii!C« p. a » 1 

* Ma (1 :) 

~ ^ is, ^ ^ 

1 

*r.i3 oquatior. io plotted In th« ^qraph of i-igure 3 fop 
total longtha IncUcateci oach containing a 2 esII air gap. 
i OX’ roCoivjncs purposes, a llna for a circuit of Infinite 
length (or a circuit witli no air gap) la also shown. It 
can t»o seen thuit a value of 100,000 yields only slli htly 
better net parf onca'-c® than a value of 10,000, except for 
1 iJifinite «hea @ equals ^ value of affsctlve 

porsioebllity aayicptoticall w approached is each caao is 

^in f^G 

ia 

The graph of i'igure 4 follows that of figure 5 and 
proseata tha' sajx'-S inforr.atlon in & ’'.ore illuainatin t'orr-. 
The ratio of 

-hi-=e (li) 

r. 

is a s^oasure of the ©fficloncy of the i;so of the coi'e 
ra.atex’lai in a ajsgrjotlc circuit and Is hers so cieflned. 

A circuit with no air gap would have an officienc'" of 
lOv * ih® value of S inulcutsa fne riti.m realized by 
use of ;uQtals witn progre j,slvoly ai.gher per* ioabl li tl es 
and poifsta up core clearly the limitations to the use of 
high per-aeabili tg .-saturlal 'j . •^he Ir’^’T-Bcticall t;. for all 



. ‘ ' J. * • 

I « * •- u * - 



M 



.M 



r 



• * 



» I 



I ^JL* » rj t. ti- i 

•»J %J I«14# fri’v'4»^i.4 4 / --•J 

• !•* s»lJ • ,»^r»^-. 

/••I I . f i I ,*4. * i • - • * *. • . * •TV/ 

1 • f •.V '*.*Ai .,»'•• «. 

l 4 > . • 4 

"4 iC i 

^ s * • • t • i ♦ 



4 ^ #J 

i» 4 ^ 4 • i 4 > •• $‘ #3 J *I 4 J 

, f K^ ft t?^ # If ^ ^ i •* 4 ( 

w I * 4 • ® lA f - / t ^4 ^ 



f * T ^ - i ' 






c>o -fr- ^ A.^ 



#irf* : «v >•*! 4 t^ '^' • •• I 

, 1*1 I • . t ■'■ • -%t ' • t ■■ I * I • 



% ri 4 »4 ' T * I 

- .- 



I 






=> . ' 

• M 



^•It 4 4 . < ^ I • • 

^1 ♦ 4 ^ ’ 1 

I • ••• J f 4 - • « 



, r 



_ •• t *» t • • •■ • 4i 

.* 4 !•-<•• * • * 



J I* • 



^ . 



• 4 V 



. ^ 

%•< r .i *r • - - - r 14' •Jsf f (J.» .' * t . rf4 

> •»« •• - •■ .•':■! I k • I a«l( »1 •■ %iv^i4| 

. 4 *-4i . < ^ . , ^1 4 .% %< -k . • I • ! 



• « 



14 




Permeability of Metal 
Figure J . 
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but th« roat proaslng ro;;v.Lr«aonta of fiv« dif.lt (uiitc for 
shorter lengths, four digit) por-ioabillty is clearly 
ilivutrated. ..vet» for the elgnt inoh circuit, tlie ofriclo..cy 
haa droppod to 60 when ia 1000 and is down to SD • for a 
pern^oabili ty of only 4000. This certainly introdx.ces the 
oconcialcs into this probless. 

The prinsary interoat in iriCreasing porcieablll ty lS| 
as previously stated, to decrease t/io exciting current. 

To oxumSue the possible decroaoe t?hon perrioabl 1 Ity ia c'.&nged, 
it ia neoeaaery to jrtako certain, aswuriptions oor- corning the 
reference 60 c.p.s. rt-aRnQt. First, It is assumod that the 
coro is nade of 29 g&xigo leKlnstions of 4.5 silicon stool. 

A value of equal 80 kilcsr-axwolls/sq. In. Is aaaigned as 
a isaxir.u ;2 operating Induction for tills ssetel which definaa 
the relative perjiaability as 

a6 ® 3200 gauas/osrsted 
This ia a likely value'*^. 

This '^aagfiet ia now to exert the sane force with the 
suc«c applied voltage at tihe 400 c.p.s. frequency, li'one ci‘ 
the phyaical diciensicna is to be chanvea, but ‘he mir^bcr 
of turns 

r.i « 3 03) 

^ dcT 

to comply with oqv.stiorts (1) anu (3). '^bo rerr.aabllity 
of tho core ’aaterlal at ^00 cycles will be. ch-erred so t' at 

^J4*t page c'6, * .led “o te,'.- tic .©vic-’s , .. ► ot.crs, 

John r.'iley » ions 2if41 
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*or the aa «e flvuc at both rraHU-iicioa 

^*e -tKO K«6 ^6 * »47rX4 A 4 

^6 ^4 



I rc>^ which 



•‘ 6 -^!»6 /^©6 *® ^ ®6 ©4 
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and 
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Oubatituting for the offective persKfiabllit'' fross 



/^e " f* a 

1 /<a 

yielcia 

^rn4 “ ^ /Aad * ^ /* a i 

^nO ^ }^&4 i ’*■ la ^ 

which by equation {20) caco-nca 

isi * !?£ * ^ ^-2 A * a 6 

la6 "^^2 1 ■’’ la a6 

iurthcr by tho iiajurcotion of typa oi"' core • a to rial and 
tr.axirr.urr; inductloxj «.! 60 c.n.s* and for an air ,a-> of 
.002 iivchea 

1)54 ® ♦ 1 ■*■ 4.6 ?2 

IpiC 1 + 4.6 

whore 1 *= n-.oan lenr.th in inches , 

iri i-tguro 5, equation (25) has bean plotted for ■%s.c>' of 

the four circuit leaqths eoi.alcteroci aarllax*. Ko Is tre 
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:-or all leugtha waen is uzilt^ , i.e. for iho aaro 
mar,nal core at 60 and 4oO c.p.3* 

= 6 I ( 4 ) 

as expectea fron section 1-2 ♦ Coi 3 idoi'in ~ a.^ain t\a eifht. 
Inch circuit, it say be seen that there la lii.tlo •_,aib in 
incrcualriij i. 2 beyond 7,2 &‘M that for this value 

/*■ 4 ® (2ZOQ) ®= 16,600 ftausa/oerstod 



and that 



•*4 



*S ■*.1 



t) 



lor this condition, the efriciency 

€> » i& ,2 « 



Similar obaex'v&tioi^a ssy b© siede for the other circuit 
lengths . 

It may be concluded fro?* this dlscus 3 lf>. that in- 



crcfesed parmeability offers some posaio'lity of llaiitln^ 
the high value of oxcltirig curx'ent, hvit tfc.t this approach 
Is .ot vary promising, particularly for the 5*iortJr circuit 
lei.^ths • 



A soconaary effect of increaci.' perfxeability is to 
decrease the hysteresis loss, ^‘he lower exciting curi^ent 
docroasea the total area of the hysteresis loop, hence the 
loss asBOCietcd v?i th t*'-at area. 



2-2. itSufOlIsl. Jl 400-C. iCLr. 2221 ' 3. 

The precedln;., section lesda to the quest iojx of how 



rucl* the various changes dlacussod c&»i reduce tho 4C0-o''cie 
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ioas'S'9 Iro w:uit would roiv>lt with no chu.-..- 4 *,^ i"’ th* «{-i ''etl 
circuit with incre*»ou frt uency. 'ih© 40\>-cyclo loasaa with 
: o chano©3 ore oontel/'«d in Toble 1 , Ihe ,or!nciple3 of 
2-1 will bo applied t.nu a ainllur table will bo isado. /.a 
before, it will bo aaeu«eo trpt in'** fiO-c.p.o, 3ia,.TiOt la 
oxortlnc * (;iv«x pv;ll *t a fixed voltogo; tLo 400-c.p.s. 
softfjjet jEUst exert the «ap’o pvtll for the sare voltapo. To 
ir.provo 400-cyclc perf'^rr'ance one cssy 

1) do to a shorter len'^th, since lees turns arc reqtlrcd, 

2) belcct e core ssatortal with a hiy.her p-^rrsacili ty, and 
a lower core loos, b>; + fe'g, 

3) Increase tno ox^oss- sectional ai'ea of Inc x&^pietlc circuit 
and 

4) i.«ci‘eas© the lamination thic^cnosi. 

Lech of these chacii;aa will be ooxxslderefi in x*elation to 
tho copper and iron losses* 

1) 3norter len^ith, effect on 

a- Kxcitlaj; Cui’-cnt. rrof. sent! on 1-2 for the sar.e 
lox'.Rtn. circuit at 6Q and 400 c.p.a* 

I4 ® ilfi. Ig (4) 

o 

Az:j decrease in length uecroasea relucts, c<s in direct 
pronortioxi with no of ’ect on the force and voltan® 

esjuatiens. It therefore ls5.'edj ately fol'owa Un\t for 



s^'Crter iorsp.th 
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Ihe volt-a'»p©ro liinitetion ha# bo«n decreasod. and the con- 
tactor probl«® nade lass serious, 
lha copper loss 



14^ R4 =/l4 

\ie 



20 IfV" 

3 / 20 



6.G7 




(27) 



and since 






<1 



equation (27) taa:- represent an mppreclable reduction. This 
will be further cUscusaoa when increased pcrfi'csbillty is 
considered. 

b- ryoleresls. Shorter lenntii moans less voXuino. 
Previously 

® is. ^*h6 wfctts/cu. In. (5) 



'ihe new volume 



so that 



V"4 « vr. 

1 g 



?h4 “ ‘h'x4 ^4 « • Li., i^hr '*^3 watts 
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which is a.;ain an litprcvenent. 

c- hddy uurie.'.ts, -^ho above ari.:uKent for hyaterosis 
hoi is sine© total ©day current loss is also dependent upon 
V o 1 U£'.o • '* he r © f o r e , 

(30) 
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2) Increased parmsabi 11 , effect on 



a- ..xcitii^G vUiTont. 



/'sau^ that the oi>ht-l .ch 
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KJjgr.ot of lij.uro ^ Is t.*o t'L-c do i’©!o^'Xa ■‘■'•ist 

tno porKssabl lit/ in lr*crc«s«^- to 



^ f^&G f;,au3a/o--rito(3. 

30 that 

== 3Te (*'51) 

-■iX«ation (31) holes whoa tha rta ,i;otlc circuit ia ‘ho 
asao lougth at both f ro-^uoi.cios * hi.« volt-aA.>^©re 
li :ltuilon auu the contactor prcbler,. are ageia -ade leaa 



severe. 
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iK<prove.cor t 


oqval 


to this 


, equation \2't ^ shows 


that th. 


,e 4CiO o.p.s. 


ir-ean 


len,,th 


; iU3 1 


be ie 13 than SOi 



oC the CO c*p*3. r»oa’' length IT the sesae ooro .r<>torial 
were used at both fro-]vorcl03. 

b- hjstoroala. -^Lo savlr.^ ixi tils loarj '.ii th In- 
creased permoabllltv cannot be cc«putea ulroctlh* 
however. It m.&j bo stated that there will be o saving, 
lor the sR?ao and a lower exciting c\;rront, tie area 
of the loop traced each c^cle Is arrller the loss 
doorcaaes directly &r> thia area. 

c- Eddy currents. Axiorosiriod per.'.osol 11 ty has 
no effect. 

3) lincrenseh cross-seotionxil area, eifect on 

a- „xclting f^urrent. ihere is no direct effect, 
but the coefficient is inprovec with ©<' ‘nerefes© 



of area. 
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b- at''irc3ls. 



C "^ruluer 



‘’h. ~ Jo'^l«s/cvj, ir.t/cj-cl** 

aru^ li trocv'.clnj;; voIu:5S 

i'j, *s X V = r.v^ A1 Jouloa/c/cl© 

Let 

Ag = 

rron 
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(44) 



(2) 



urui. for the sar.e forco before ar Cl after tho cuan .© of 

\ 

area 

otill. »'ot IntrodiiCffiK fr«f|Uency, or the chaiif.,* of lon;-.th, 
t*‘o ratio of the losses due to aa Incroa.a of area by 
a factor 11 

1 
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V3r,; 



i,ow lot he,’.‘e o/ucl >,; e loss at 4.0 cjclos -?ith aoorte?*3a 
le oln &s exorosjou la e^ualio: (2y) ♦ Vhe .-O" 400*-Gjcia 

loss with c ros.j-i3sctI nal. area lncr'ji:aeu is 

\T~j 20 l4 -he (37) 
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I.'- «xpoj.eat, ^vjl 00 ci»lc’*lfct»d Iro -ex erl. t tal 

if-ta for i;ic core . j-tarlwl i . ^v.s.tlo:i; its trf'sjr of 
,a..^tvde, -.owever, is i»o.'rc-xl.'.atel% 1,5 to 2.0, 
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5iiic<5 K 'ill olwaya fca 3li£.l.tly ,r*; tor tV:ttn 

unit,., I 4 /IC will always bo slightly Iona, tho cfrocta 

oL‘ ahortor lenf:th a..d liicrouaeti oroa are not a-nroclablo 
whon coaoiderod to^eti-er. )f t^reator Ir* o> tance is iivcroBsed 

porsaoabll 1 1 y which permits sfritlng 
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c- i.clay Curi'snts. In conaideriri). incnssood ar«a 
hero, the oflect cf lamination thickness will bo covered 
at the same tinso# 

.oferring to 



Vie == 3 m ' 

r 
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watts/cu.ln, (7) 

It WS3 provlously shosf'i the.t for the cl:anf*o of fre^uoncy 

fro:’* 60 to 400 cycloa 

/ S 2 

►*o 4 = hj- «3 tc watia/cu.ln, (Od) 



Increase of area by a factor n, dictator a cecroLce in 
Ojjj by 1 / yiv for tho saro force. Goppoae that in auaitlon, 
it is assumed that the Ifimlnction 60 c.p.s. ?;e.re 3b faui^e 
thickness af'd tint the 400-cyclo tliicheuEse is 



t^ ~ .006 incJiec 



about the mlnisius; prs-tlc.- th.i ck-#*as fnr th c anoll ci-.tion, 
ana a clocided i’ nrov^'ment over th<E i:c-c“clo thickness of 
•014 inches. Oubstltutir * in ejuatlon (f-7) 
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lha i..j>rovo^aent Is solely the reiii'lt of t) !• ner li. inatlons, 
i v‘r CO 'sperlsor. purooAos , ,u..‘1q il hag propai-ed. 

Tno first three columns tire those of lahlo I. Colutnn 4 
represents the conditions attained in t>-is atte'apt to re- 
duce the 400-cycle losses to u Klniiauas. It ,ust be S*ept 
in Riind that the circtlt lonc^tn for th^ s&.net reoreieiitsd 
here is eif,ht Inches. ')t' tbs lengths consioersd, the 1®- 
provosjont indicated in Coluasn 4 is tn© beat obtainable. 

If a eoll-clesi^ied shading coll irer© incorporated in both 
ssa^pnets, the 400-cyclo copper loss would equal G.C7 tines 
the CO-cycle copper loss for this coll as previously 



pointed out. 
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Also, in aiiramation. 


is the fact t:>at the volt- 


a*?; pore 


Ikiiitation and the 


contactor 


problem are leas 


severe with 


the loweririi, of the 


40 .'-cycle 


current from €, 
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3-1. Tho Altsirriat Current Verauii the Mroct Current 
iaf^neta * 

Co aiclorat'on »o t&v hej oe©n lirdtod to solution 
of a pull probler. by direct uao of a 400-cycio riXf^xiot, 
i' the pi'ocodinf; ciia’^tos 3 , it my d« conclto.eu tiiat on 
officiojit design of such a nafpet would bo a -tost difficult 
task (co.vsicioring tha CO-cycla reference efficient). In 
view of this, it anooers else at tbia point to ber;in con- 
sideration of the altemutivo direct current aclutiori. 

Ihe direct cx^rrent ragnet poososaes several 
attractive cdvanta-'pc over any alternating current magnet, 
even without the afded co»«plicaLion of 400-c.?.3. frequency. 
In the follow.ln{: disexsaior, both the altorriotitsc; current 
end tuo uirect current ua-jnots will be co-'.a Idei’sc to be 
operatln at the sa" « raxlrur? flvx derc't', therefore t:.s 
co 'pari sotj. srili be screwhat optl«i3tlc co; csr in..; eltcrna- 
tinr; currefxt o?«r-t;icri. >or ©ificior. t on« re t . on , tlie direct 
ci^rrent si.o' la operate et s-turationj the alternating 

curi'ent ca^.u«t should onern-i,e below saturation"^. 

x'or tne se%« >ols face srsa, tne force of a direct 
current =^gnst is t»ic« that of &u elieiT.ati':» current 



If,-. "!£. T... .'ii, ’*hloGtrcra etic levicej , C. ,.ctcrc, 
J'Xnu «. ile> bo‘ 3, ^nc. It-**!. 
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^ ® ^ ' ' 3 (40) 

72 

wharo i5 « flux canalt^, kllo'iaxfc'ell.^/tj'i.ln. 

#i « pcla i'aca hren, a.i.!"*. 

?ollowin^; inr-edl etely iron* t iu one a/ aee that for e 
given pull to o« o/.ert'*<l, the alteraatin cu^’ront -agret 
•svist have twics the er *a,s-rseoticnaI ar • , .-s twine the 

voluKQ and weight required for a direct ciirrent natpiet* 

This factor of two r«prc 3 snto an absolute 3 n 

aection 2-2* it was pclniod out nhat n larger aroa •.oat s 
a lower Isakage coefficient* iuit^ior, to Holt the eddy 
current losses to a reasonable value at 4C0 c. 0 , 3 ,, it 
was aho.ni that lantinstlonc shmild b® thin which wieRns & 
low st&ciiin.^ factor. i<;th of recor-f.tinui^tl ons ®ssn 

Cor© bulk ut 400 c.n.s. th&n ut tO c.p.s. for 
which the voluna must alrotidy bo twico as *^3 for 

a direct currerst s'.Utjnet for the sa;je puli, hne alterna- 
ting currftjit design will require hli;h.; resctlva cower, 
hance u greater w®l‘*,ht of copper. 

In the laboretor/, a Price rothers 110 

altsra^N^tlag curient relay w&c tostod on a fb-c -cle volt- 
age. This laagnet w«i 'hed 23,5 ouxicas and c*''.cur.>iea a 
volurc of approxiieet® 1., 4,1 cubic Inches, iho volt-ar>pero 
c.naur.ption was llo v,a. it>. the open gap and 15,35 v.a. 

In the sealed positions, tor the sa'O volt-arrore con- 
3 V - ptlon, £ direct cur*-or.t could be ado with 

stout one .naif tJia above weight ar u volur.s. In additl r. , 
t!*a vult-R..pere limitation does not exist ard t.hs contactor 
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nrt' oleic I 3 leas severe in t'vo <!iirect cvrrent "i 6 .',net. 

finally, the alternetin current ’sa^siot because of 
tiie oxpoi.siv© core ‘i^sterlfcl (hlfjh ps r'-eabl lit 7 ) anil thin 
ler.iiiattons 'K..ich aust na plus the necessity for a 

ahadln*;; coil, la innarontly an axoanslv© device, ffter 
first cost, bec&'u30 of lower losses, the ulrect currort 
J 88 jiat pcaaesaes a cont,* r;uoua aovant&c,e in operation. 

5-2. iho leleniuK ..ootlficr 

Teacling to offset tho adv&ntuges of the direct 
current ica^net just listed, is the necasslt to rectify 
the 400-cycle aupi'ly for the proolcis under couaiciaz’etlon, 
The seleniure, dry disk rectifier will hers ’o® conalfiered 
for the conversion device. 

This rectifier contains no eovlnt; porta. It la 
ru.’,j,ed and requires no I'outifie jcalntenenoe. anufaoturers 
guarantee against any defects whatsoever for rorlcda of 
40,000 hours continuous operulion, so the eginp effects 
of these devices may be considered neglisiloie, ^.he 
standard rectifier unit be horneticall;, jesled, thus 
cekinji it iis'.pervieus to the effects of s;oiaiurc, fun*, 3 
ard change of pressure. It will opor te perfectly et 
plate tos:peratu.r 3 s troui -40'^ to 1^4^ y. wiiich should b- 
tidequato for the case at hand. This .■»axi'-jur tenp-ernture 
Unit® lion aoKOtlisea prevents use of the so devices, but 
in an aircraft application, a plentiful supply of coolit.^, 
air souls bo available to ovvrcosie this object' on. T{-e 
nsloniun rectifier is able to wlth.stsud heavy tciporary 
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curront ovorloeua without ciar\.,er of oroaiUow: or Jo .’try, 

por:.ittin^ regular ujo 1.. tu-'s ov«rlo«ti co^'di t-o; ir. l’"t«r- 
vittent sorvlco. & half-iour r-oriod for cooXlnf; 

botwdoji ovQrloaa opcr&tlona, the ractlfior 'ra. ba oporuted 
at ton tiCiCo norT.ftl ritlaf; for a -out to ih« 

jKaxiiKiur. t*'‘.partiture restriction pi'ayloualy i^-jlver. cauiiot 
be avoided, noaever. 

b«v_e &pproxi:tut© weight, apace aou cost data for 
fvill wav®, brl<i*;e t-n® neleniun rsctlfiera are containscS 
in the graphs cf i ,l^or©« 0, 7 and fs. Theas charactorlatica 
G 2 *© un average of jRanufMctv rais data for sta dara units 
over the ran^e indlc-ited, -or & specific aopllcj^tlon, 
the weight and space reijui regents could unaoubto ily be 
iitprovQd upon, 

3-S, CJ^.CLUSI j:.5 

The Most iT.oortart ccnjl derail on in selecting a 
solution to tills problem, ia, as previously st^>t,ed, reli- 
ability. *he characteristics of the •^loulur; roctifior 
letfi to the conclusion that it would be at Issat, if not 
score, reliable than tne c-irect current n»4.»'3l with wMon 
it w-oulG U® associated, Coiisluerlr.f., tao . .Irect current 
auci alteiT.eting current aia.i.r^ets ths'-saives equally reli- 
able In operation, the corsblnatlon of th® direct c\ rr«nt 
wsgret wltii a seloniu-") rectifier is equally as reliable 
in performs. -ce of a given last as an altcrnatln;', cx^rrent 
nfc^net ops tin,;, uiroctl/. 



As to weight ario snec® I’o u.ul ras-onta , cofisioer 
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the CO-cycla <il terns tin,; currant of aactlo; 3-1. 

t’or cOT.pkrla n. It is asiurcd thkt the Uiroct cur- rent 
r;ttr;not I'or th« oatae pull vroulu re-iuj rc the su'-* voit-d i-or-o, 
woulo weigh on«-hsir as ' uo'n as anu occupy half t'n© volunc 
of the alte xTifotini^ current Kug::et. .il'i si Jst«rtions 



aru'. with data frost i-igurea 6 and 7, the 6-0-cjci© all* 'lis- 
ting current end th« direct current solutlo'.s Tsy be 



compared • 





A.C, 


-hC, 




I'agnot 


-agnet 


A.C . 

oolutl on 


s> eight 


22,5 oas. 




dps CO 


4.1 oVi . s 4 . 




1 ' r 

r,olut ion 


I'elght 




11,35 OS3. 


Space 




2 • C 5 0 u . iti 
TAbLL m 



.‘-isleniun Total 

noctli ler 



22 . S Ofs . 

^ * X cv . -in * 



5.4 OK3. 1C. 65 oza, 
4,2 cu.in, 6.S5 cu.ln. 



Those figures are approxirjate, but the direct cur:*ont 
solution has certainly bec" "iv©-. no edvantoT*? rec- 
ti fler data used ars for standar'd units and the voit- 



as'pero caaaunption of the uiract ci.rrent »"agnct nas bees', 
taKen to equal ti.at of the £.ltei’*';utlri', current in 

ssloctin-; the rating of the rsctifler. 

It will D;> possible quali tati%'sl> to e>.t©f^d this 
coinparison at 16 v.a. over the range of interest fro.- 
5 to BO v.a. if tiis volii'ae of lbs C^'-c -clc .-.agnet can be 
fouuc as c function of volt-sirpero consu'-.pticr. Pro® 
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and 



i => • i I' (10) 

tT5«x^ b© ftor5vo(i 

V = Kj I (41) 

whor© V = volur.e, a^axi len^.th tixass area 
and = » '*■.. , 

/I X 00 X 10^ 



it has b& 02 * aho^n in j ij^ar© 3 tn&t i'or a given co:^a rsatoc* 1»1, 
incrseooa tPiti length. Bj^ io a functioxx of %4ne acre 
sjstorial, xxot of the circuit dirionaiona and If it ia easused 
tnal the Tjpe 110 relaj waa designed to operate et, or near 
r!&xl-,u» a*c. pex-treabl li t/ , 3^^ 3ta., be con.sidQred to be con- 
stant. IntBiy event, 13.^ v .-rlcs ovor a arrsall rang® for a 
given cor® jsaierial and is o o of the first variallesf ix«d 
in « design problen^. It follows laedlctolv, therefor®, 
that for good design ( reusin'^. /< e as volusxs la inoraaasd), 
t *9 total oora vclnne woulc vary at losst with the first 
« of volt s’>rporo cons'arsption* 

Jir.co I n® ‘volght an>i apace cha rset© rl 3 tic 3 of 
the solsniuj;; rsctifler vary about llnearlj with volt-axsns re 
output, tne x*elatloh cet«oon the alternating ctirrent and 
direct current solutions found in the procodln/, ©xarpl® 

\aj bo oonsiaered to nolo over the entire rauA.,© of ’.nlerest. 

It ia hoi'e ccjr.siaorad, therefore, dxat the cl root 



ci.ri’ont solutioji retains Its weight adV'hilagQ ana tho possi- 
bility of a space dioa rvaiAufaC when corrpared with a fU-cycls 
hbgriot ovex' the ran-,® ''f v It-ahper© consvmption fru. 5 to 
HO V.O. If an efi-Acient 40j-xcycl« »CQgnst >jad boon cojr.ptirod 

■*.ioo )Rge M7, "^lectro.-*a/;,potlc i-evices'', 1. iotars, 
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with Um vijroct curr^iut solution, tho diroct currOi t ht 

ttdvfantag® woulc. htve -‘reater arc. a.>aco dl sad van tar,© 

1«33 than indlcatoa in the Gw«c rcle conpariaon. 

K©£;ardlrtfi econouica, it is ) ot possible to draw 
a ru'aitivo conclusion, 'i-ho 4J0-cycl© s:a‘:r.8t llseli would 
undoubtedly bo aor® exoenslvo then a direct current ra.rnct 
to exort the sane pull. T’lo runnir;, ej^pens© of the filtern&ting 
current a:agnot would also be groetor. Ih.s need for a aeleniura 
rectifier for xtse vlth the dlx'cct current nacysst would work 
to offset these clteT’nstlni? current di saevantecss . 

SvKa:p.ari£if5f , on the basis of equal reliability, 
smaller »©ight, no volt-ampere linl tetlon , & le^s serious 
contactor problem end le^a sissteincu power consvunptlon , the 
author favors the direct currexit solution, ho feds th.e 
space and cost consideret lotis are still tiucstlonable, but 
even if they doflnitely ine'eatse a ‘itju-cjcle solution, 
these cons ids rat ions alone woulci not be &trms op.oujjh to 
outweigh the advantages listed above s’or the direct current 



solution 
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and 

I = * ^ ^ 

maj- be cierilved 

V « Kg K I (41) 

-•^;a 

who re V ^ voluiie, o^r^x ien- Vr i lrioa area 
and "■ - » 

/I X a X 10 ^ 

Jt Uaa bee;, a.sovra in 4 i^^;ar© 3 tn&t for t>. given core :3*atfis:‘l£l, 

^ incr^ji .»03 ;til Xen-'th. Bj^ la a functlo.. of «4-.e ;‘oro 

a-toriul, r.ot, ol ibe eircoit di^-.enaiona and If i t is. o3si.aed 

the Tjpe 110 relay was dosj{-;r;ac to operate at, or near 

r.axl'Uri. &*c. pe.?~'eabl li , 3j^ , be cor.alaorsd to be con- 

atanl, Jr.any event, v.-rtes avo’- a armll raape for a 

giver, core naterlal and is .>■ e of the first varlabiosf ixed 

in o ds3*i:n prorleK.^. 2t follows i's;- edi ctol;?, therefore, 

tlu.. I for dsaign ( Ln-'- reaoin^; ^ as volu'^'e ia inoraaasQ;, 

tne total core volune wovl':' vary at wild tne first 

po«e ” of volt s -.ooro c*'’.-.s‘.c-.pti on, 

ii;.ce I ne »oi,-ht an... space era rscterl sti C3 of 

IKa 3cler.iu"s rectifier v&rj auov.t IJneurl;; with voll-.ss'.ps re 

ontput, tne rsliilon oet-«ooa tfe alternatir..; ev.-rrent and 

direct ourj'e.'it solutions found in the precoi-.in.; exa-pls 

03 oenslnsreu to .nola over fcbc entire r6nt.a of interest. 
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with thrj w.3roct current solution, tho cLiroct Cv,rr*n t #•!<. i»t 
advfefitcgs Mfoulu htv© fc*jc»?) f r^&tcr d’ tn« a,;uce uia&dv6nt&^9 
1933 titan iadicatoo in ti~e G-sy-c rcle c:>. < ariaw. 



Ke;-;araln»j oconOi.Sc3, it is not possible to iraw 
a positive conclusion, ’^ho 4,^ vy-c;*cli> narrct ilsoll would 
uncicublodl^ bo «.ore ex^onsivo tbun a -oiroct current -’u.’-net 
to exert the saae pull, the run.\ii , expense of the alternetinf, 
current siagnot «ouIil also be (jre*tor. Tho neoa Tor r. aelenSunj 
rectifier for x-se tilh the direct current nacpiet woulu work 
to offset tiyose alterr.stin •- cur*'e;^t cl5 saavunta.^e j , 

i»u?x,tf.ari£ir5;*, o*' the basis of equal relis’oi 11 1;/, 
sraallor wsiqht, no volt-anxpare lialtat.’ on , s less aerloua 
contactor problem and lesa si-stainon power cor.3un;ptlon , the 
atithor favors the direct cx.rret.t solution, ne feels the 
space anu cost conaioerat :oxjs are atiil Iona ole, but 

ovon if they aefinitely Ird'catoc a 4ov-ciclo aolution, 
tb.Qse eonaldcratlons alone would not oe strox'jr cr.ou,:h to 
outweigh the aavantafjes listed above for the direct currant 



solution 
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C^k.rl »'5 /ra..cis el' Jr. »».3 born c*i> July J , 
IGIJ at Pittaton, i e irisyivanla, .e attanclad various aoaools 
in that stuto until 1S3C whan ha «S 3 ^sradi.sted fron tho 
Jayro ichool» 3 ayr‘«, ■’'snnoylv&rija , than attended 

tho IrJveraHy of Fonnsylvsnia where he began a c;>urse in 
LVusine.'is Ad.’clni strati on ; in lv5o he ontei'^d Ir.e Lnitod 
jtatea haval Acad.<?.?iy ano «b 3 graduated with a Jsrree of 
jfccholor of Jclenco in llectrlcsl Jn^irieorir.". in June IJili, 
lit July lw43, '.nal/yi tlelne began a toi. r of sea 
dut,' In destroyai ’3 "iiiMch laatod until 1 j 4C. Jt that tire 
r.e was selected for* £;ranuste worl< in irdnance .:>■! inoorirg;* 
begirinin.g at ’ osi ..roni-a to .>cliool> Annanolis, 

*ftrylst.iu. In of lt?47, he entercc the .rscuete 

^■«o&rtr.er 4 t of the «^cnool of ,n, 4 n©e ri.ig ir blactrical 
neorin .3 at lac Johns >or./in?; Ir.ivarsity , 
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